Gene duplication is an evolutionary phenomenon that generates both similar and new functions through subfunctionalization, wherein gene paralogs subdivide their functions, and neofunctionalization, wherein duplicated genes develop new functions. A recent paper by Shum et al. [1] provides evidence that gene duplication applies a previously unidentified trick to diversify DNA function: functional antagonism, demonstrated by up-frameshift (UPF) gene paralogs, Upf3a and Upf3b, which are known regulators of the nonsense-mediated RNA decay (NMD) pathway. NMD has two functions: RNA surveillance ''quality control,'' wherein it dismantles aberrant RNAs, and ''RNA regulation,'' wherein it controls the levels of specific normal mRNAs. This study shows that UPF3A and UPF3B act inversely in the NMD pathway, and that UPF3A is critical for the reproductive system. UPF3B is a well-established NMD factor, but the function of UPF3A was not well understood previously. Investigators redefined Upf3a function through loss-of-function experiments, and their results indicated that this paralog acts as an NMD repressor, contrary to Upf3b's role as an NMD activator. This revelation is also contrary to the previous dogma of Upf3a as a weak NMD factor. Upf3b serves as an adaptor between UPF2, an essential NMD factor, and the exon-junctioncomplex (EJC), a protein complex that forms between two joined exons after RNA splicing. In contrast, Upf3a sequesters UPF2 from the EJC, enabling repression of the NMD pathway.
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The Upf3b gene is expressed in most cell types and tissues except for meiotic germ cells (spermatocytes) because it is Xlinked and subject to meiotic sex chromosome inactivation. However, Upf3a is not on the X chromosome and is highly expressed in the testis. These findings led to a search for the relationship between these gene paralogs and their potential impact on reproductive function. Upf3a expression increased at a specific stage of spermatogenesis (leptotene-to-pachytene); conditional deletion of this paralog in germ cells resulted in a severely reduced sperm count, almost ten times lower than the wild-type control. These findings show that Upf3a is critical for spermatogenesis. Researchers traced defects to pachytene spermatocytes, suggesting that Upf3a specifically aids in spermatocyte progression.
Upf3a also showed a role in early embryogenesis. Systemic Upf3a knock-out mice exhibited an embryonic lethal phenotype: only heterozygous (Upf3a þ/À ) and wild-type (Upf3a þ/þ ) embryos survived. Researchers observed embryo defects during the pre-implantation stage, which is consistent with high expression of UFP3A protein in early embryos, including during the blastocyst stage.
UPF3 paralogs function antagonistically to regulate NMD activity throughout the body, whereas UPF3A specifically affects early embryogenesis and spermatogenesis. These findings significantly contribute to our conceptual knowledge of gene regulation, which could lead to treatments for infertility and other genetic diseases arising from genetic errors.
